Effective ventilation in natatorium helps to provide healthy and fresh air and thus guarantees a good indoor air environment, which is conducive to the adjustment of thermal comfort. Natural ventilation refers to the flow of outdoor air to an indoor space as result of thermal buoyancy or wind pressure. It not only improves indoor environment, but also reduces objective energy load and meets the environmental requirements. 
relationship between a natatorium's plane shape and ventilation has been studied in the plane energy efficiency design.
The outdoor wind speed is also an important factor, and the average wind speed for the ideal wind-driven ventilation is usually no less than 3-4m/s. Moreover, natural wind changes greatly. Therefore, different measures (openable transoms and shutters) are adopted in different seasons and at different wind speeds to adjust the indoor airflow. In winder, heat loss should be minimized when basic ventilation is guaranteed.
Buoyancy-driven ventilation
The principle of buoyancy-driven ventilation (Figure 1 ) is that the larger the difference in indoor and outdoor temperature and the larger the difference in air inlet and outlet, the stronger the buoyancy force is. For the areas with low outdoor wind speed, the ventilation effect produced by stack effect is a good way to improve thermal comfort.
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Characteristics of Natural Ventilation in Natatorium
Since a large amount of water evaporates above the swimming pool, it requires more air to remove the excess indoor moisture and heat in a natatorium than general buildings, and the indoor thermal and humidity load are also heavy. Therefore, the crowded large space of the swimming hall should have full access to natural ventilation. Natural ventilation in a natatorium can not only reduce indoor temperature, carry off moist air, improve thermal comfort of human body, but also help reduce energy consumption and pollution, without the consumption of non-renewable energy resources. And since liquid chlorine is usually used to disinfect and sterilize the water in the swimming pool, chlorine volatizes into the air and forms acidic gas after it meets water vapor, which has a corrosive effect on the indoor metal structures. The ventilation of the swimming pool generally cannot be circulated (Figure 2 ).
Selection of Natural Ventilation Mode for Natatorium
Natatoria are high, and their large space is likely to create a physical environment in which the vertical temperature distributes unevenly. In the seasons other than the heating season, the airflow self-organizing mechanism specific to the large space can be used to design ecological natural ventilation, which helps to reduce the energy consumed by the operation of air-conditioners. An ecological effect can be achieved by making best use of the spatial height according to the law of aerodynamics.
Modes of natural ventilation
Air passage: air is introduced from the lower part into an indoor space through the connection of ventilation shafts and horizontal pipes, which can lower the indoor temperature, and expels hot air out through the top opening.
Buoyancy-driven ventilation: By means of the principle that hot air buoys up, outdoor air comes in through the lower opening and the indoor air goes out through the upper opening. The windward side should be in the prevailing wind direction of the summer season or transition season. Ventilation is made possible between the entrance hall and other transition space and the large space of a natatorium. For example, the Ying Tung Natatorium, Beijing, was upgraded for the 2008 Summer Olympics and now can make the most efficient use of natural ventilation and natural daylighting. At its ridge are two rows of electric opening skylights, whose opening can not only introduce natural light inside, but also remove the indoor damp, hot and foul air in summer and transition season to reduce the air conditioning load, which also helps fight fire, discharge smoke and supply fresh air.
Cross-ventilation: Windows in different facades of a natatorium building allow airflow across the building from the windward side to the leeside, carrying off the damp and hot air in the swimming hall. However, attention should be paid to ensure proper position and size of air vents. When the interior net storey height is more than 20m, air intakes can be above the stands, allowing natural wind to blow over the audiences, circulate in the swimming hall and then expel out through the roof openings. When the interior net storey height is less than 12.5m, air intakes should be at the lower part of the facades and are layer-built. When the interior net storey height falls in between, mix-mode ventilation can be adopted.
Cavity ventilation: Because of the special materials of the external envelope structure of buildings, such as glass curtain wall and membrane structure, the double-skin facade consists of two layers of envelop structure which are place in such a way that air flows in the intermediate cavity, which, if organized reasonably, can achieve energy-efficient effect. For example, the Water Cube for the 2008 Summer Olympics employs cavity ventilation. Its envelop structure is a double-layer ETFE membrane structure. In summer, a ventilation system-one-meter-high shutter vent installed at the bottom of the venue-is introduced in the double-layer membrane structure, and its principle is similar to that of the breathing curtain wall. The cavity formed by the two membrane layers can be closed in winter to preserve heat and opened in summer to remove the hot air in the cavity so as to form good air convection. When the ventilator in the cavity works, the cooling load of the venue can be reduced by 13.4%, about 1089KW. In winter, the cavity ventilator is closed, solar radiation penetrates through the semi-transparent ETFE air pillows into the venue, which, after being absorbed by the internal surface, is then released by means of convection and radiation and raises the indoor temperature. This part of solar radiation can compensate the indoor thermal load. At night, the indoor pool and ground release the heat accumulated during the day, hence reducing the temperature difference between day and night and the heating energy consumption. For quite some time of a year, i.e., in the transition season and in summer, and when there are no audiences, natural ventilation in the venue can meet the indoor requirement for fresh air, and also compensates some or all indoor thermal and humidity load, which enables the indoor users to enjoy a natural environment and greatly reduces the energy consumption of air conditioners (Figure 3 ).
Conclusion
In designing natural ventilation for natatoria, the wind direction of monsoon in summer and changing seasons should be taken into consideration, and air inlets and outlets should be opened where appropriate in the exterior walls in the direction of high frequency wind. In addition, the space form and construction features of a natatorium should also be considered when selecting a proper ventilation mode so that the natatorium can meet the requirements of ventilation and dehumidification in summer and transition season as well as achieve energy efficiency by reducing the energy App. Sci. Report. 6 (2), 2014: 67-70 70 consumption of air conditioners.
